sensitivity should make gravity observations from space a remote sensing tool of great significance in the coming decades . However, because the gravity field changes measure the total mass effects, they cannot distinguish the sources of the variations. Therefore, in situ observations and numerical models are needed to provide independent information on the separate contributions of the geophysical fluids. A recent study by Wahr et al. [1998] using the Parallel Ocean Program indicates that GRACE should be able to recover nontidal oceanic bottom pressure variations and our results using another ocean model are consistent with their results. However, they did not assess the ability of the ocean model to predict temporal variability in the Earth's gravitational field. This paper reports on the gravitational variations that should be expected due to nontidal mass redistribution within the world oceans on seasonal and nonseasonal periods, according to a numerical ocean model in lieu of oceanographic observations. A companion study on the nontidal oceanic angular momentum and its influences on Earth's rotation has been published by Johnson et al. [1999] . The numerical ocean model allows us to examine the global ocean over a number of years using a relatively short period of computer time. The traditional oceanographic in situ observational techniques cannot produce the large dense globally distributed data sets with the high sampling frequencies needed for this research. We also compare these gravitational variations to those sensed by orbiting satellites to investigate the model's ability to predict these variations. The motivation is to prepare for the eventual analysis of the new satellite data, which will certainly require an understanding of the locations, magnitudes, and temporal scales of variability from all geophysical sources, in order to help design data optimal reduction strategies which minimize spatial and temporal aliasing. We use the Parallel Ocean Climate Model ,(POCM) which is described in section 3. Since POCM conserves water volume and not mass, we also examine the effects of using a spatially uniform temporally varying sea level adjustment [Greathbatch, 1994] where the w n weights are satellite-specific quantities depending on satellite orbital elements as given by Kaula [1966] . For the LAGEOS I and LAGEOS II satellites the coefficients determined by Eanes [1995] and Eanes and Bettadapur [1996] are listed in Table 1. In linear perturbation theory, the Jff will give rise to secular effects and J• will result in periodic effects. J•produces a precession in the node of an orbiting satellite so that any residual variations in the node can be directly compared with the predicted effect due to mass redistribution in the geophysical fluids. J• produces periodic changes in eccentricity and inclination of an orbiting satellite. However, for LAGEOS, non-gravitational forces and modeling errors significantly alias into these orbital parameters, hence such observations can not be directly compared with POCM_4B predicted J• [Eanes, 1995] . Therefore we will only directly compare the J• variations to the variations in the nodal motion of LAGEOS. The model produces data products for the global oceans from 75øS to 65øN with a 0.4 ø longitudinal by 0.4øcos(latitude) latitudinal (an average 1/4 ø latitudinal spacing over 0 ø to 75 ø) horizontal resolution, and a 20-layer vertical resolution. This resolution permits the use of more realistic coastlines and bathymetry but is much more detailed than the low-degree spherical harmonic features examined in this study.
The use of the Boussinesq approximation affects the horizontal momentum equations by replacing the density of the pressure gradient term with a constant density and assumes a zero velocity divergence, even though the model's equation of state takes into account the effects of temperature and salinity. This results in the model's lack of mass conservation as well as an error in predicting steric sea level variations. Greatbatch [1994] Atmospheric contributions to Stokes coefficients were usually computed both with and without the application of the Inverted Barometer (lB) assumption; we here adopt those with lB. Under the IB assumption the surface barometric pressure field is used over land, while atmospheric pressure values over the oceans are replaced uniformly by the average pressure over the entire ocean area. The IB assumption of a static ocean response to surface loading is assumed to be a good approximation at timescales longer than a week [Dickman, 1988] , and these scales are of interest in this study. In addition, POCM_4B does not consider atmospheric pressure forcing. Therefore the lB assumption is a Simple approach to take into account the oceanic response. 
Results
We examine total oceanic mass variations (degree 0 term), geocenter motion (degree 1 terms), the spectrum of variability for Stokes coefficients up to degree and order 20, and "effective" zonal harmonics predicted by POCM_4B on seasonal and nonseasonal time scales. When possible we compare POCM_4B parameters with LAGEOS data. For the geocenter motion and spherical harmonic spectrum we also compare the oceanic contribution with the GEOS-1 estimated atmospheric effects. For the geocenter motion and "effective" harmonics, we examine monthly to interannual timescales. Unless stated that the sea level adjustment (i.e., mass correction) was applied, the uncorrected POCM_4B ocean bottom pressures were used.
Total Mass (Degree 0 Term)
The POCM_4B time series of Coo is proportional to the total mass of the oceans. The application of sea level adjustment to correct for POCM's lack of non-Boussinesq sea level variations forces Coo to a constant value. However, the Coo predicted by the uncorrected POCM_4B bottom pressures exhibits seasonal variability superimposed on a large quadratic mass increase. This mass increase is equivalent to about 3.5 cm of sea level over the 9-year model run. This long period artifact reflects the model not being in full equilibrium [Dukowicz, 1997; dohnson, 1999] . dohnson [1999] showed that this trend is the result of large trends in the temperature and salinity for model layers between 50 and 985 nt The use of the Boussinesq approximation implies volume conservation, and this may contribute to this trend in a much lesser extent. This trend is removed from Coo by the application of the mass correction. It can also be removed empirically by subtracting a least squares fit of a quadratic polynomial from the time series. Table 2 (Table 3) . Table 3 sinusoid for the continental hydrology were subtracted (for more details, see Eanes [1995] ), show that POCM_4B has about half the necessary variance (Table 6) • From Cheng and TapIcy the oceans, atmosphere, and continental hydrology all make significant contributions to gravitational field variations.
